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(54) A process for producing an Isotactic/syndiotactic polymer blend in a single reactor 

(57) The present invention is a process for produc- 
ing a catalyst system to produce polymer blends in a 
single reactor, polymer blends of isotactic polyolefins 
and syndiotactic polyolefins. The catalyst system is a 
combination of at least one metallocene catalyst and at 
least one conventional supported Ziegler-Natta catalyst. 
The multi-catalyst system is obtained by mixing the 
components of at least one metallocene catalyst and at 
least one conventional supported Ziegler-Natta catalyst. 
The metallocene catalyst comprises a metallocene 
compound and an ionizing agent. The conventional 
supported Ziegler-Natta catalyst comprises an alumi- 
num alkyl and a transition metal compound with, option- 
ally, an electron donor. 
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Description 

BACKGROUND OF THE INVENTION 

5 FIELD OF THE INVENTION : This invention relates to a process for producing polymer blends from a single reactor, 
specifically a process for producing polymer blends of isotactic polyolef ins and syndiotactic polyolef ins using a catalyst 
system which is a combination of at least one metallocene catalyst and at least one conventional supported Ziegler- 
Natta catalyst. 

DESCRIPTION OF THE PRIOR ART : It is known that two or more homogeneous catalysts, such as those based 
10 on metallocene compounds, may be combined to effect properties, such as molecular weight distribution. U.S. Patent 
No. 4,530,914 discloses use of a catalyst system comprising two or more metailocenes in the polymerization of a-ole- 
f ins, primarily ethylene, to obtain a broad molecular weight distribution. The metailocenes each have different propaga- 
tion and termination rate constants. The metailocenes are mixed with an alumoxane to form the catalyst system. 
It is also known that metailocenes may be affixed to a support to simulate a heterogeneous catalyst. In U.S. Patent 
15 No. 4,808,561 discloses reacting a metallocene with an alumoxane and forming a reaction product in the presence of 
a support. The support is a porous material like talc, inorganic oxides such as Group MA, MIA IVA OR IVB metal oxides 
like silica, alumina, silica-alumina, magnesia, titania, zirconia and mixtures thereof, and resinous material such as pdy- 
olefins like finely divided polyethylene. The metailocenes and alumaxanes are deposited on the dehydrated support 
material. 

20 In U.S. Patent No. 4,701 ,432 a support is treated with at least one metallocene and at least one non-metallocene 
transition metal compound. To form a catalyst system a cocatalyst comprising an alumoxane and an organometallic 
compound of Group IA, IIA, I IB and MIA is added to the supported metallocene/hon-metallocene. The support is a 
porous solid such as talc or inorganic oxides or resinous materials, preferably an inorganic oxide, such as silica, alu- 
mina, silica-alumina, magnesia, titania or zirconia, in finely divided form. By depositing the soluble metallocene on the 

25 support material it is converted to a heterogeneous supported catalyst. The transition metal compound, such as TiCI 4 , 
is contacted with the support material prior to, after, simultaneously with or separately from contacting the metallocene 
with the support. 

An advantage of a homogeneous metallocene catalyst system is the very high activity of the catalyst and the nar- 
row molecular weight distribution of the polymer produced with a metallocene catalyst system. The metallocene cata- 
30 lysts suffer from a disadvantage in that the ratio of alumoxane cocatalyst to metallocene is high, requiring extensive 
treatment of the polymer product to remove the aluminum. Another disadvantage of the homogenous catalyst system 
is that the polymer product has small particle size and low bulk density. Another disadvantage of the homogeneous cat- 
alyst system is that the reactor fouls during polymerization. 

It would be advantageous to provide a process to produce a polymer blend of isotactic and syndiotactic polyolef ins 
35 using a catalyst system of a combination of a homogeneous catalyst with a heterogeneous catalyst in a single reactor. 
A more complete appreciation of the invention and many of the attendant advantages thereof will be readily under- 
stood by reference to the following detailed description when considered in connection with the accompanying draw- 
ings. 

Figure 1 is a graph of Differential Scanning Calorimetry results from Example 1 . 
40 Figure 2 is a graph of Gel Permeation Chromatography results from Example 2. 
Figure 3 is a graph of Gel Permeation Chromatography results from Example 1 . 
Figure 4 is a graph of 13 C NMR results from Example 1. 

SUMMARY OF THE INVENTION 

45 

Accordingly, this invention provides a process and a catalyst system to produce a polymer blend of isotactic poly- 
olefins and syndiotactic polyolefins in a single reactor. 

Also, this invention provides a process and a catalyst system which eliminates reactor fouling during polymeriza- 
tion. 

so These and other objects are accomplished by a process comprising: 

a) making a catalyst system comprising at least one metallocene catalyst and at least one conventional supported 
Ziegler-Natta catalyst, 

(b) introducing said catalyst system into a polymerization reaction zone containing a monomer under polymeriza- 
55 tion conditions, and 

(c) withdrawing a polymer product. 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention utilizes a multi-catalyst system in the polymerization of any polymer in which separate polym- 
erizations with a homogeneous catalyst and with a heterogeneous catalyst are possible. Preferably, the multi-catalyst 
5 system is useful in the polymerization of olefins, more preferably, a-olef ins, and. most preferably, propylene. This cata- 
lyst system is disclosed in U.S. Serial No. 776,498 filed October 1 1 , 1991 , hereby incorporated by reference. 

The multi-catalyst system of the present invention is obtained by mixing the components of at least one metal- 
locene catalyst and at least one conventional supported Ziegler-Natta catalyst Generally, the components of a metal- 
locene catalyst are a metaflocene compound and an ionizing agent. Generally, the components of a conventional 
w supported Ziegler-Natta catalyst are an aluminum alky! and a transition metal compound with, optionally, an electron 
donor. 

Any of the conventional heterogeneous Ziegler-Natta transition metal compound catalyst components for produc- 
ing tsotactic polyolefins can be used in the present invention. The compound is preferably of the general formula M R + x 
where M is the metal, R + is a halogen or a hydrocarbaxyl and x is the valence of the metal. Preferably, M is a Group 

75 IVB, VB or VIB metal, more preferably a Group IVB, and most preferably titanium. Preferably, R + is chlorine, bromine, 
an alkoxy or a phenoxy, more preferably chlorine or ethoxy and most preferably, chlorine. Illustrative examples of the 
transition metal compound catalyst components are TiCI 4 , TiBr 4 , Ti(OC2H 5 ) 3 CI, Ti(OC2H 5 )CI 3l Ti(OC 4 H9) 3 CI, 
Ti(OC3H 7 ) 2 Cl2, Ti(OC 6 H 13 ) 2 Cl2. TifOC^HsfeB^ and Ti(OC 12 H 2 5)CI 3 . Mixtures of the transition metal compounds may 
be used. No restriction on the number of transition metal compounds is made as long as at least one transition metal 

20 compound is present 

The transition metal compound is supported on an inert solid which is chemically unreactive with any of the com- 
ponents of the heterogeneous or homogeneous catalyst. The support is preferably a magnesium compound. Examples 
of the magnesium compounds which are to be used to provide a support source for the catalyst component are mag- 
nesium halides, dialkoxymagnesiums, alkyoxymagnesium halides. magnesium oxyhalides, dialkylmagnesiums, mag- 
25 nesium oxide, magnesium hydroxide, and carboxylates of magnesium. 

The aluminum alkyl is of the general formula AIR # 3 where R* is an atkyi of front 1-8 carbon atoms and R* may be 
the same or different. Examples of aluminum alkyls are trimethyl aluminum (TMA), triethyl aluminum (TEA!) and tri- 
isobutyl aluminum (TiBAI). The preferred aluminum alkyl is TEAI. 

The electron donor is any one of the electron donors which are effective with conventional supported Ziegler-Natta 
30 catalysts. Typically, an electron donor is an organosilicon compound. Examples of electron donors are cyclohexylmeth- 
yldimethyoxysilane (CMDS), diphenyldimethoxy silane (DPMS) and isobutyttrimethoxy silane (IBMS). Other examples 
of electron donors are disclosed in U.S. Patent Nos. 4,218,339; 4,395.360; 4.328,122; 4.473,660; 4.562,173 and 
4,547,552, which are hereby incorporated by reference. 

The metallocene catalyst is formed from a neutral metallocene compound, i.e., a metal derivative of a cyclopenta- 
35 diene. The metallocene compound useful in the present invention contains two cyclopentadiene rings and is of the gen- 
eral formula: 

R"(C 5 H 4 )(C 4 H 4 . m R' m C 5 C 4 H 4 . n R' n )MeQ p 

40 wherein (C 5 H 4 ) is a cydopentadienyl ring and (C^.mR'mCsC^H^nR'n) is a substituted cyclopentadienyl ring prefera- 
bly, afluorenyl ring or a substituted fluorenyl ring, the substituent preferably being alkyl, alkoxy, dialkylamino, halogens, 
cycloalkyl or aryl; R' is a hydrocarbyl radical, halogen, an alkoxy, an alkoxy alkyl or an alkylamino radical having from 1- 
20 carbon atoms, each R* may be the same or different; R" is a structural bridge between the (C 5 H 4 ) and (C 4 H 4 . 
m R m c 5 c 4 H 4-n R 'n) rin 9S to impart stereorigidity and, preferably, is an alkylene radical having 1 -4 carbon atoms, or ary- 

45 laklyt or diaryl alkyl radical contains 7-20 atoms, a silicon hydrocarbyl compound, a germanium hydrocarbyl compound, 
an alkyl phosphine, or an alkyl amine; Q is a hydrocarbon radical, such as an alkyl, aryl, alkenyl, alkylaryl or arylalkyl 
radical having 1-20 caibon atoms, or is a halogen; Me is a Group 1MB, IVB, VB, or VIB metal as positioned in the Peri- 
odic Table of Elements; 0^m^4;0^n^4; and p is the valence of Me minus 2. 

The cyclopentadienyl rings (C 5 H 4 ) and (C 4 H 4 . m R' m C 5 C 4 H 4 . n R , n ) must have bilateral or pseudo-bilateral symmetry. 

so Bilateral symmetry is defined as the condition in which there is no substituents or one or more substituents on one side 
and no substituents or one or more substituents on the other side in the same relative position such that a mirror image 
is formed from one side to another. Pseudobilateral symmetry is defined as symmetry such that a mirror image exists 
from one side to the other in regard to the existence and position of substituents but the substituents themselves are 
not identical. 

55 The metallocene catalyst is syndiotactic specific or syndiospecif ic. Such catalyst are described in U.S. Patents Nos. 
4,895,851; 5,162,278; 5.155,080; 5,132,381 and European Patent Application Publication Nos. 0 387 609; 0 387 690; 
0 387 691 ; and PCT international Publication No. WO 92/1218. all of which are hereby incorporated by reference. 

The ionizing agent is an alumoxane, an aluminum alkyl, other Lewis acid or a combination thereof which will ionize 
a neutral metallocene compound to form a cationic metallocene catalyst. An examples of an ionizing agents useful in 
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the present invention is methyl alumoxane (MAO). 

The metallocene catalyst is provided in solid form as a complex of the metallocene catalyst component and MAO. 
This solid complex is produced by the method disclosed in copending patent application 
(Attorney Docket No. COS658), hereby incorporated by reference. 

Olefins, especially propylene, may be polymerized to form polyolefins in amorphous (atactic) or crystalline forms. 
Examples of crystalline forms are isotactic and syndiotactic. 

Isotactic polypropylene contains principally repeating units with identical configurations and only a few erratic, brief 
inversions in the chain. Isotactic polypropylene may be structurally represented as 



i i i i i i i i 



The methyl groups attached to the tertiary carbon atoms of successive monomeric units on the same side of a hypo- 
thetical plane through the main chain of the polymer, e.g., the methyl groups are all above or below the plane. 

Another way of describing the structure is through the use of NMR. Bove/s NMR nomenclature for an isotactic pen- 
tad is ...mmmm... with each ¥ representing a "meso" dyad or successive methyl groups on the same side in the plane. 
20 As known in the art, any deviation or inversion in the structure of the chain lowers the degree of isotacticrty and crystal- 
linrty of the polymer. 

A syndiotactic polymer contains principally units of exactly alternating stereoisomers and is represented by the 
structure: 
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30 

The methyl groups attached to the tertiary carbon atoms of successive monomeric units in the chain lie on alternate 
sides of the plane of the polymer. 

In NMR nomenclature, this pentad is described as ....rrrr.... in which each V represents a "racemic" dyad, i.e., suc- 
cessive methyl groups on alternate side of the plane. The percentage of r dyads in the chain determines the degree of 
35 syndiotacticrty of the polymer. Syndiotactic polymers are crystalline and like the isotactic polymers are insoluble in 
xylene. This crystallinrty distinguishes both syndiotactic and isotactic polymers from atactic polymer that is soluble in 
xylene. 

A polymer chain showing no regular order of repeating unit configurations is an atactic polymer. In commercial 
applications, a certain percentage of atactic polymer is typically produced with the isotactic form. 
40 The invention having been generally described, the following examples are given as particular embodiments of the 
invention and to demonstrate the practice and advantages thereof. It is understood that the examples are given by way 
of illustration and are not intended to limit the specification or the claims to follow in any manner. 

Solid Metallocene Catalyst Preparation: 

45 

Methyl aluminoxane supplied as a 10% solution in toluene (density 0.89) was used as the cocatalyst. 40mg of iso- 
propyl (fluorenyl-cyclopentadienyl)zirconium dichloride, was dissolved in 20.0 ml of MAO solution; the solution was 
stirred and the solvent was removed under high vacuum at room temperature and traces of the remaining solvent were 
removed with slight warming. The flask was taken into a vacuum Atmospheres dry box; the solid was removed and pul- 
so verized to obtain 1 3g purple solid. A known amount of the solid was weighed out and suspended in 2-4 ml of mineral 
oil (Amoco-10NF), in a Wheaton bottle; shaken thoroughly and injected into a stainless steel sample transfer cylinder 
as described in the example. Generally, a small amount (estimated to be about 10%) of the solid remained adhered to 
the glass wall and could not be transferred. It is also likely that small amount of solid remains adhered to the walls of 
sample transfer cylinder during injection. 

55 

EXAMPLE 1 

10.0 mg of conventional supported Ziegler-Natta catalyst were placed in a stainless steel bomb with 0.2 mmol of 
cydohexylmethyldimethoxysilane (CMDS) and 2.0 mmol of triethylaluminum (TEAI). 184 mg of isopropyl(fluorenyl) 
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(cycloperrtadienyl)zirconium dichloride/MAO solid were suspended in 4 milliliters of mineral oil. The metallocene/M AO- 
mineral oil suspension was placed in the bomb. Hydrogen was introduced followed by 1 .0 liter of propylene into a 2 liter 
Zipperdave reactor kept at 60°C. Contents of the bomb were prepolymerized with 0.3 liter of propylene and approxi- 
mately 16 mmol of hydrogen for 5 seconds at 23°C and then charged into the reactor. The reactor temperature was 
5 maintained at 60°C. Polymerization continued for one hour during which time the reactor was maintained at the polym- 
erization temperature. At the end of this time polymerization was terminated by rapidly venting the reactor of unreacted 
monomer. The polymer yield and analysis is shown in Table I. 

EXAMPLE 

w 

The procedure of Example 1 was followed except that only the metallocene/M AO of solid (184.0 ml) and TEAI (2.0 
mmol) were used in the bomb and hydrogen was omitted. The reactor temperature was initially 20°C and was increased 
to 60°C after the contents of the bomb were charged to the reactor with 0.3 liter of propylene. The polymer yield and 
analysis is shown in Table I. 

16 

EXAMP153 

The procedure of Example 1 was followed except that the conventional Ziegler-Natta catalyst was not added and 
the other contents were used in identical quantities. 

20 
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The standard polymer characterization techniques, namely DSC (Differential Scanning Calorimetry), GPC (Gel 
Permeation Chromatography) and carbon 13 nuclear magnetic resonance ( 13 C NMR) spectroscopy, strongly suggest 
that the polymer obtained with the mixed catalyst is indeed a blend of syndiotactic and isotactic polypropylene. For 
example, DSC shows (Figure 1) the presence of two small peaks at approximately 125°C and 135°C corresponding to 
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the melting peaks of syndiotactic polymer obtained with the metallocene and MAO solid. It is also obvious from DSC 
that isotactic polypropylene is the major component of the blend. GPC teaches that the molecular weight distribution of 
the polymer is much broader than those obtained when the conventional Ziegler-Natta or metallocene and alumoxane 
systems separately under the same conditions. Thus for example, the polydispersity of isotactic polypropylene GPP) 
obtained with the conventional Ziegler-Natta catalyst used in the present system is approximately 8.0, whereas that of 
the syndiotactic polypropylene (sPP) obtained with solid MAO and metallocene catalyst used is around 3.0 (Figure 2). 
However, the polydispersity of the iPPfcPP blend obtained with the mixed catalyst system is 13 (Figure 3). 13 C NMR 
(Figure 4) of the polymer provides the most conclusive evidence for the presence of two types of stereoregular polypro- 
pylene in the product blend. The mmmnrrrr ratio for the polymer blend product was 77:13 which suggest presence of 
substantial amounts (>10%) of syndiotactic PP in the predominantly isotactic polymer sample. Generally the isotactic 
polypropylene polymer obtained with the conventional Ziegler-Natta catalyst contains only traces (<0.5%) of syndiotac- 
tic component. 

Obviously, numerous modifications and variations of the present invention are possible in light of the above teach- 
ings. It is therefore to be understood that within the scope of the appended claims, the invention may be practiced oth- 
erwise than as specifically described herein. 

Claims 

1. A catalyst system for the polymerization of olefins comprising a combination of at least one syndiospecific metal- 
locene catalyst and at least one conventional supported Ziegler-Natta catalyst for producing isotactic polydef in, 

wherein the metallocene catalyst comprises: 

a) a neutral metallocene compound of the general formula 

RlC5H 4 )(C 4 H 4 . m R , m C 5 C 4 H 4 _ n R , n )MeQp 

wherein (C5H4) is a cyclopentadienyl ring and [O^^R^C^H^R^ is a substituted cyclopentadienyi ring 
wherein (C 5 H 4 ) and (C 4 H 4 . m R' m C 5 C^nR'n) have bilateral or pseudo-bilateral symmetry: R' is a hydrocarbyl 
radical having from 1-20 carbon atoms, a halogen, an alkoxy, an alkoxy alkyl or an alkylamino radical, each R' 
may be the same or different: R" is a structural bridge between the (C 5 H 4 ) and (C^^R^CsC^H^nR'n) rings 
to impart stereorigidity; Q is a hydrocarbon radical or is a halogen: Me is a Group IIIB, IVB, VB, or VIB metal 
as positioned in the Periodic Table of Elements: 0 * m * 4; 0 ^ n s 4; and p is the valence of Me minus 2. 

b) an aluminoxane, 

wherein the conventional supported Ziegler-Natta catalyst comprises: 

a) a transition metal compound of the general formula MR + X where M is a Group IIIB, IVB, VB or VIB metal, R + 
is a halogen or a hydrocarboxyl and x is the valence of the metal and 

b) an aluminum alkyl of the general formula AIR* 3 where R* is an alkyl of from 1-8 carbon atoms and R* may 
be the same or different. 

2. A catalyst system as recited in Claim 1 wherein b is 1 , R" is a hydrocarbyl radical chosen from the group consisting 
of an alkenyl radical having one to four carbon atoms, a dialkyl germanium, a dialkyl silicon, an alkyl phosphine and 
an amine radical, M is a Group IVB metal, R* is a halogen or alkyl. 

3. A catalyst system as recited in Claim 1 wherein R" is a isopropenyl radical. 

4. A catalyst system as recited in Claim 1 wherein the aluminoxane is methyl alumoxane. 

5. A catalyst system as recited in Claim 1 wherein M is a Group IVB, R + is chlorine, bromine, an alkoxy or a phenoxy. 

6. A catalyst system as recited in Claim 1 wherein M is titanium and R is chlorine or ethoxy. 

7. A catalyst system as recited in Claim 1 wherein the transition metal compound is chosen from the group consisting 
of TiCI 4f TiBr 4 , Ti(OC 2 H 5 ) 3 CI, Ti(OC 2 H 5 )Cl3, Ti(OC 4 H 9 ) 3 CI, Ti(OC3H 7 ) 2 CI 2 , TUOCgH^feCfe, Ti^Hs)^ and 
Ti(OC 12 H 25 )CI 3 . 

8. A catalyst system as recited in Claim 1 wherein the aluminum alkyl is chosen from the group consisting of trimethyl 
aluminum, triethyl aluminum and triisobutyl aluminum. 
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9. A catalyst system as recited in Claim 1 further comprising an electron donor organosilicon compound. 

1 0. A catalyst system as recited in Claim 9 wherein the electron donor is chosen from the group consisting of cyclohax- 
yimethyl dimethyoxysilane, diphenyldimethoxysilane and isobutyitrimethoxy silane. 

1 1. A method of making a catalyst system comprising: 

a) mixing 

1) a neutral metaliocene compound of the general formula 

R"(C5H4)(C4H4. m R , m C 5 C 4 H4.nR'n)MeQp 

wherein (C 5 H 4 ) is a cyclopentadienyl ring and (C 4 H4. m R , m C5C 4 H4. n R* n ) is a substituted cyclopentadienyl 
ring wherein (C 5 H^ and (C 4 H 4 . m R , m C 5 C 4 H 4 . n R' n ) have bilateral or pseudo-bilateral symmetry; R* is a 
hydrocarbyl radical having from 1-20 carbon atoms, a halogen, an alkoxy, an alkoxy alkyl or an alkylamino 
radical, each R* may be the same or different; R" is a structural bridge between the {C 5 H^ and (C 4 H 4 . 
m R mC 5 C 4 H 4 . n R , n ) rings to impart stereorigidity; Q is a hydrocarbon radical or is a halogen; Me is a Group 
1MB, IVB, VB, or VIB metal as positioned in the Periodic Table of Elements; 1 s m s 4; 0 s n s 4; and p is 
the valence of Me minus 2. 

2) an aluminoxane, 

to form a syndiospecrf ic metaliocene catalyst, 

b) extracting solvent to form a solid complex of the metaliocene and the aluminoxane, 

c) suspending the solid in mineral oil, 

d) separately mixing: 

1) a conventional supported Ziegler-Natta catalyst component comprising a transition metal compound of 
the general formula MR + X where M is a Group 1MB, IVB, VB or VIB metal, R + is a halogen or a hydrocar- 
boxyl and x is the valence of the metal and 

2) an aluminum alkyl of the general formula AIR* 3 where R* is an alkyl of from 1-8 carbon atoms and R # 
may be the same or different, to form a conventional supported Ziegler-Natta catalyst, 

e) mixing the metaliocene catalyst in mineral oil and the conventional supported Ziegler-Natta catalyst. 

12. A process of producing a polymer blend in a single reactor comprising: 

a) making a syndiospecific metaliocene catalyst by 

1) selecting a neutral metaliocene compound of the general formula 

R"(C5H 4 )(C4H 4 . m R , m C5C 4 H 4 . n R , n )MeQp 

wherein (C 5 H 4 ) is a cyclopentadienyl ring and (C 4 H 4 . m R , m C 5 C 4 H 4 _ n R' n ) is a substituted cyclopentadienyl 
ring wherein (C 5 H 4 ) and (C 4 H 4 . m R' m C 5 C^^R'n) have bilateral or pseudo-bilateral symmetry; R' is a 
hydrocarbyl radical having from 1-20 carbon atoms, a halogen, an alkoxy, an alkoxy alkyl or an alkylamino 
radical, each R' may be the same or different; R" is a structural bridge between the (C5H4) and (C 4 H 4 _ 
m R' m C5C 4 H 4 . n R , n ) rings to impart stereorigidity; Q is a hydrocarbon radical or is a halogen; Me is a Group 
IIIB, IVB, VB, or VIB metal as positioned in the Periodic Table of Elements; 1£m£4;0£n£4; and p is 
the valence of Me minus 2. 

2) adding an aluminoxane to form a syndiospecific metaliocene catalyst, 

3) extracting solvent to form a solid complex of the metaliocene and the aluminoxane, 

4) suspending the solid in mineral oil, 

b) making a conventional supported Ziegler-Natta catalyst by 

1) selecting a transition metal compound of the general formula MR + X where M is a Group IIIB, IVB, VB or 
VIB metal, R + is a halogen or a hydrocarboxyl and x is the valence of the metal and 

2) adding an aluminum alkyl of the general formula AIR^ where R* is an alkyl of from 1-8 carbon atoms 
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and R* may be the same or different to form a conventional supported Ziegler-Natta catalyst 

c) mixing the metallocene catalyst in mineral oil and the conventional supported Ziegler-Natta catalyst, 

d) introducing the mixture of the metallocene catalyst in mineral oil and the conventional supported Ziegler- 
Natta catalyst into a polymerization reaction zone containing a monomer under polymerization conditions, and 

e) withdrawing a polymer product 
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